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SUMMARY AND CONCLUSIONS 
Water Quality for Irrigation 
In general, the quality of Nebraska ground water 
is good. There are, however, areas in the state where 
management practices should be followed to prevent 
excessive accumulation of salts. 
The survey shows that high salinity ground water is 
present in parts of Saline, Lancaster, Dundy and Keith 
Counties. Other areas, known to contain enough 
sodium to constitute an alkali hazard, bi.It not sampled 
in this survey, are in Box Butte County. 
Management practices can be followed which will 
permit safe use of poor quality water. By proper appli-
cation of water, excessive salts can be leached from 
most irrigated Nebraska soils. In some cases gypsum 
can be applied with high sodium water to permit the 
sodium to be leached through the soil without harm. 
Farmers need to know the quality of water being 
used and the management practices necessary for 
safe use. 
Soil Fertility and Nebraska's Ground Water 
Nebraska's ground water contains varying amounts 
of certain chemicals, some ot which have fertilizer 
value when this water is used for irrigating crops. 
The survey revealed that potassium, calcium, mag· 
nesium and sulfur, all essential nutrient elements, are 
generally present in substantial quantities in our 
ground water. When soils deficient in any one or more 
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of these elements are irrigated, ground water often 
supplies sufficient amoun ts of these elements to meet 
crop needs. There are, of course, local areas where 
this is not true. Any irrigator using ground water is 
advised to have a water sample tested. 
The amount of nitrogen in Nebraska ground water 
appears to be low except for a few localized areas. 
The amount of phosphorus is probably too low to 
supply any worthwhile amount for crop production. 
Nearly two-thirds of the water samples tested con-
tained enough boron to prevent boron deficiency in 
most crops irrigated with this water. In only one 
sample was the boron high enough to cause concern 
with respect to toxicity for crop production. 
Knowing what elements are present in irrigation 
water and the relative levels can have an important 
bearing on the total soil management of an irrigated 
farm in Nebraska. 
The Nitrate Pollution of Ground Water 
Tb irty of the I , 166 samples tested during the 1961 
irrigation season had concentrations of 10 ppm or 
more nitrate-nitrogen. Concentrations of 10 ppm ni-
trate·.nitrogen or greater are considered hazardous to 
infants if used for their water supply or in their 
formulae, according to the State Health Department. 
The water samples with concentrations of nitrate-
nitrogen greater than 10 ppm were from Seward, Mer-
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rick, Sioux, Dawes, Phelps, Fillmore, Nance, Stanton, 
Dodge, Holt, Knox and Platte Counties. Most of the 
samples were from Merrick County. 
Nitrate is soluble and moves with the water through 
the soil, resulting in an economic loss of nitrogen fer-
tilizer out of the root zone. Consequently, the nitrate 
problem has profound implications in irrigation and 
fertilization management practices. Rain or irrigation 
water moves down through the soil carrying nitrate 
with it. 
If leaching is required to remove excess harmful 
salts, this should be done after the crop has used most 
of the nitrate, probably late in the growing season, 
fall or spring. 
Corrosion and Incrustation 
Corrosion and incrustation clue to water quality 
seldom are serious in Nebraska if wells are properly 
designed and managed for conditions and chemical 
nature of the water. 
In the future incrustation may be a more serious 
problem than corrosion. 
Attention should be given to water quality in locat-
ing a well. \!\Tell owners should follow reasonable oper-
ating practices to prevent incrustation. Drillers should 
be prepared in the near future to deal with problems 
of renovation by use of well cleaning treatments, 
including acids. Educational institutions and profes-
sional associations should take the lead in teaching 
means and methods of renovation . 
PURPOSE OF THE STUDY 
The Water Quality Survey was conducted to: 
1. Determine the content of nitrate and other min-
eral constituents in Nebraska's ground water. 
2. Evaluate the effects of nitrate and other con-
stituents on soil properties, crop production, and 
incrustation and corrosion of wells and pumping 
plants. 
NATURE OF THE STUDY 
The high quality of Nebraska ground water has 
been a point of pride for Nebraskans. Few states have 
such large volumes of high quality water stored under-
ground so readily available to lands suitable for irri-
gation. 
State Study 
An irrigation water quality survey was started in 
July of 1961 in Nebraska. About 1,200 samples were 
obtained during July and August of 1961; all but 31 
were ground water samples taken from irrigation 
wells. The remaining 31 were obtained from the Ne-
braska Bostwick Irrigation District canals and drain-
age ditches in the Panhandle section of Nebraska 
which drained into the North Platte River. The I ,200 
water samples represent about 5 percent of the irriga-
tion wells in the area of the state irrigated from 
ground water. 
High Nitrate Follow- up Study 
Another 305 water samples were obtained from 
irrigation and domestic water wells during July and 
August of 1962. Locations of these wells were selected 
from the 1961 survey. Water samples were taken 
from those wells that showed high concentrations of 
nitrate-nitrogen in 1961 and from the wells surround-
ing these, in an attempt to determine the extent of 
the areas with high concentrations of nitrate in the 
ground water. 
Seward County Study 
During 1960, 1961, 1962 and 1963 water samples 
were also obtained from several irrigation wells in 
Seward County during the spring, irrigation season, 
and in the fall, to observe changes in nitrate-nitrogen 
concentration and to determine if there was any cor-
relation with fluctuations in ground water levels. 
The survey sampling was done largely by local peo-
ple under the supervision of County Extension Agents, 
local irrigation associations, extension board members 
and extension specialists. 
Water Analysis 
Laboratory determinations were made by the Uni-
versity of Nebraska Soil Testing Service for: 
I. Specific conductance 
2. pH 
3. Calcium 
4. Sodium 
5. Magnesium 
ti. Potassium 
7. Nitrate 
8. Phosphate 
9. Carbonate 
10. Bicarbonate 
II. Chloride 
12. Sulfate 
13. Iron 
14. Boron 
Section 1 
Water Quality and Irrigation 
By Delno Knudsen 
Extension Agronomist (Soil Testing) 
Mineral content of water determines whether that 
water is satisfactory for irrigation. Few people would 
attempt to irrigate with ocean water since it is salty. 
Ground water and inland surface water also contain 
salts, but usually in much lower quantities. The kine! 
and amount of these salts dissolved in water determine 
whether it can be satisfactorily used lor irrigation. 
If irrigation water contains enough salts to cause 
an excessive accumulation in the soil, plant growth is 
restricted. As the applied water evaporates from the 
soil and transpires through the plant, salts remain in 
the soil. Repeating this process may cause more salts 
to accumulate, depending on the salt content of the 
water and the amount of leaching that takes place 
in the soil. 
Total salt content is one of the factors affecting 
water quality for irrigation. This is commonly deter-
mined by measuring the amount of electric current 
the water will conduct. Salinity hazard is another name 
for this water quality factor. 
A second factor influencing the quality of irriga-
tion water is sodium content in relation to the magne-
sium and calcium content. If the sodium in the soil 
solution becomes high compared to calcium and mag-
nesium, the sodium will tend to replace calcium on 
the exchange sites of the clay. If this is allowed to con-
tinue until the clay is 15 percent or more saturated 
with sodium, an alkali problem or slick spot will occur. 
Alkali or sodium hazard is usually determined by 
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calculating the sodium adsorption ratio (SAR), Figure 
I. 
Residual sodium carbonate (RSC) values have also 
been suggested as a tool to evaluate water quality. 
The application of RSC values is not fully understood 
because it is difficult to predict some of the chemical 
reactions that may affect the minerals after the water 
is applied to the soil. RSC is a calculated evaluation 
of the amount of sodium carbonate and bicarbonate 
that would remain if the calcium and magnesium were 
precipitated as carbonates (lime). Sodium and potas-
sium remaining in solution would increase the alkali 
hazard. If the calcium and magnesium are no longer in 
solution, the possibility of sodium replacing calcium 
(and hydrogen in acid soils) on the clay surface 
increases. This could result in an alkali soil if enough 
sodium is applied. 
A third consideration is the boron content of the 
water. If too much boron is applied to the soil by 
irrigation, crop growth may be restricted clue to boron 
toxicity. This does not appear to be a problem in Ne-
braska with the ground water now being used for 
irrigation. 
Survey Results 
In general, the quality of Nebraska ground water 
is good. There are, however, areas in the state where 
management practices should be followed to prevent 
excessive accumulation of salts. 
Figure I. Diagram for classification of irrigation water according 
to sodium (alk~li hazard and salinity hazard). 1 
Sodh,•m 20 
Adaorp l lon 
Ratio 18 
Alkllll 16 
I Sodium) 
H azard 14 
Cl-SC 
_!/ Cond~<clivll)'- Millimhoa par cm at zs"c. Silllnlly Hua rd 
Adlpl ed from U, S . O.A. Handboo k 60 
Total Salt Content 
II. high alkali 
II. hi gil sal inity 
C4-S4 
More than 80 percent of the wells sampled yielded 
water which could be used for irrigation without any 
salinity hazard resulting from normal irrigation prac-
tices. 
About 17 percent would require applications of 10 
to 30 percent additional water (leaching requirement) 
beyond that needed by crops to prevent excessive salt 
accumulation. Rainfall, if it penetrates the soil, will 
have a dilution effect and will reduce the leaching 
requirement accordingly. 
Only three percent of the ")¥ells contained enough 
salts so that the salinity hazard could not be controlled 
by water management. From the survey and other 
studies it is known that high salinity ground water 
is present in parts of Saline and Lancaster Counties 
as well as in Dundy and Keith Counties (Table 1). 
In 46 of the 85 counties sampled, one or more wells 
yielded water in the high salinity class. In nine coun-
ties, 50 percent or more of the samples were classified 
as having a high salinity hazard. In 24 counties, 30 
percent or more of the samples were high. Salinity 
hazard areas appear to exist in the central Platte 
Valley, Deuel, Cedar and Dundy Counties. Tests on 
the water from one well in Keith County indicated a 
hazard. Appendix Figure I illustrates the salt con-
tent of ground water throughout the State. This map 
includes data collected by the Conservation and Survey 
Division of the University of Nebraska and from this 
survey. 
Sodium Content 
On the basis of sodium adsorption ratio (SAR) so-
dium or alkali hazard appears to be confined to local 
spots in the State. An average SAR of 0.7 is quite low. 
Only one sample was classified as having a medium so-
dium hazard. The remainder were low. Figure 2 shows 
the average SAR values for each county and Figure 3 
illustrates the average sodium content in ppm. 
There are known areas in Nebraska where the 
ground water contains enough sodium to constitute an 
alkali hazard. Areas, not included in this sampling, are 
known to exist in Lancaster, Saline and Box Butte 
Counties. 
Table I. Salinity of Nebraska ground waters (number of water samples from each county by U.S.D.A. classification for salinity 
hazard). 
Low Med- I Very I county Low Med- High I Very I county Low Med- I Very County ium High high ium high ium High high 
Adams 1 26 0 0 Furnas 0 6 3 0 Nuckolls 1 13 3 0 
Antelope 0 9 0 0 Gage 0 10 0 0 Perkins" 0 6 0 0 
Arthur 1 0 0 0 Garden 1 7 2 0 Phelps 0 12 8 0 
Banner 0 5 0 0 Garfie ld 2 3 0 0 Pierce 0 9 I 0 
Blaine 3 I 0 0 Cosper 0 5 3 0 Platte' 2 19 1 0 
Boone 0 5 0 0 Grant 0 0 I 0 Polk 0 28 3 0 
Box Butte 0 19 1 0 Greeley 0 10 0 0 Red Willow 0 6 3 0 
Brown 7 0 0 0 Hall 0 31 17 0 Saline 0 10 2 0 
Bu-ffalo' 0 22 18 0 Hamilton 3 64 7 0 Sarpy 0 4 0 0 
Burt 0 7 I 0 Harlan 0 9 I 0 Saunders 0 8 I 0 
Butler 0 II 5 0 Hayes 0 9 0 0 Scotts Bluff 0 2 8 0 
Cedar 0 3 2 0 Hitchcock 0 5 5 0 Seward ' 0 35 I 0 
Chase 0 10 0 0 Holt' 9 4 0 0 Sheridan 0 6 0 0 
Cherry 3 0 0 0 Hooker 2 0 0 0 Sherman 0 7 0 0 
Cheyenne 0 9 0 0 Howard 0 ll 0 0 Sioux 0 4 1 0 
Clay 0 45 0 0 Jefferson 0 8 2 0 Stanton• 0 5 4 0 
Colfax 0 I4 0 0 Johnson 0 4 I 0 Thayer 2 21 0 0 
Cuming 0 5 0 0 Kearney I 25 2 0 Thomas 4 0 0 0 
Custer I 14 I 0 Keith 0 9 ll 1 Thurston• 0 2 3 0 
Dakota 0 5 0 0 Kimball 0 10 0 0 Valley 0 IO 0 0 
Dawes a 0 5 3 0 Knox 0 3 2 0 Washington 0 0 I 0 
Dawson 0 21 31 0 Lancaster 0 5 4 0 Wayne 0 3 0 0 
Deuel 0 4 7 0 Lincoln 0 14 8 0 Webster 0 7 3 0 
Dixon 0 2 0 0 Logan 2 2 0 0 Wheeler 3 2 0 0 
Dodge• 0 18 7 0 Loup 2 3 0 0 York 0 71 0 0 
Douglas 0 7 2 0 McPherson 1 0 0 0 
Dundy 0 4 4 2 Madison 0 6 2 0 
Fillmore• 0 43 10 0 Merrick• 5 91 12 0 State 
FJ-anklin 0 10 0 0 Morrill 0 6 4 0 (Numbers) 57 994 225 3 
Frontier 0 8 0 0 Nance" 1 14 0 0 (percent) 4.5 77.7 17.6 0.2 
• Includes new locations sampled in 1962 . 
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c==J<o.so 
c::::::J 0.50- 1.00 
- >1.00 
High value for state :8.2 
- Known high S AR water, but 
not included in survey. 
Figure 2. Sodium adsorption averages of water in Nebraska, 1961. 
.. <13 (-!- m eq./L.) 
13-22q-1 meq./L) 
c=J 23-46 (-1- 2·meq./l.) 
.. >46 ( > 2 m eq./L) 
Figure 3. Sodium content of Nebraska ground water, irrigation well survey, 1961, average sodium values in ppm. 
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Residual sodium carbonate (RSC) va lues suggest a 
need for more extensive concern about alkali hazard in 
the State. RSC va lu es can probably be used to predict, 
on a long term basis, the possibility of an alkali soil 
developing from the use of a given quality of water 
for irrigation. 
Figure 4 shows the average RSC va lues by counties. 
Twenty-two counties have average values that would 
be considered marginal if the effective rainfall were 
less than l 0 inches. N ine county averages would be 
considered unsafe for irrigation. Not all of the water 
samples in these counties fa ll in these crit ical cate· 
gories, but some were high enough to raise the 
average. 
Boron Content 
Boron content of the ground water samples was 
not high enough to expect toxicity levels to result from 
irrigating with these waters-with the exception or 
one sample from Deuel County, containing 2.2 ppm. 
This sample came from an artesian well about 500 
feet deep. Seven samples con tained 0.5 or more ppm. 
Eighteen samples contain ed more than 0.3 ppm. 
County averages and ranges for boron may be found 
in the appendix or this publication. 
Danger Levels in Terms of Water Quality 
The U .S.D.A. Salinity Laboratory at Riverside, 
California, has developed a classification system for 
Classification on 
basis of carbonate 
iron according to 
U.S.D.A. Salinity Lab. 
- < 0.50 meq./J 
- 0.50-1.25 
Safe 
irrigation water quality (Figure I ). Sodium adsorp· 
tion ratio (SAR) is used to evaluate sodium or alkali 
hazard. Conductivity is used as a measure of total 
soluble solids to evalu ate sa linity hazard. 
Danger levels wi ll vary somewhat with so il tex-
ture, rainfall, crop and water management. Rainfall 
tends to dilute the salt accumulat ion in the soi l caused 
by irrigation, making it possible to use poorer quality 
water in areas of higher effective rainfall. Well-drained 
sandy soils can often be irrigated with water of quite 
high sa linity since these soils are easily leached. Most 
crops grown in Nebraska are moderately salt tolerant. 
Ground and surface water in some local areas of the 
state constitute a sod ium or salinity hazard, or both, if 
used for irrigation. Some wells and, in a few cases, 
lands have been abandoned because of the quality of 
the water and poor management practices. 
Management practices can be followed which will 
permit the safe use of poor quality water. By proper 
application of water, excessive sa lts can be leached 
from mos t irrigated Nebraska soils. In some cases 
gypsum can be applied with high sodium water to per-
mit the sodium to be leached through the soi l without 
harm. Water analyses are necessary to determine man-
agement practices. Periodic soi I tests can be used to 
evaluate the build-up of sa lts or sodium. 
Water classified low or medium in salinity or sodium 
hazard can be used fo r irrigation on most Nebraska 
soils unless internal drainage is restricted. High sali-
1.26-2.50- Marginal (Probably safe wnn normal irrigation practices and average annual 
- >2.50- Not safe 
* Includes 34 samples from Buffalo County in 1962 
ra i nfa II received in Nebraska.) 
Figure 4. Water quality of Nebraska ground water hazard based on the average residual sodium carbonate values for each county 
where samples were collected in 1961. 
8 
nity or high sodium water should be used only if spe-
cial management practices are followed. These include 
meeting the leaching requirement, providing adequate 
drainage and, in the case of high sodium waters, using 
chemical amendments such as gypsum. Very high 
sodium or saline water normally should not be used. 
Residual sodium carbonate levels have been classi-
fied as follows: 
Less than 1.25 meq./liter-safe 
1.25 to 2.50 meq./liter-marginal 
More than 2.50 meq./liter-unsafe for irrigation. 
Under Nebraska rainfall conditions marginal water 
can probably be used safely. However, periodic soil 
tests should be made to determine whether exchange-
able sodium is building up. If so, gypsum can often 
be applied with the water to avoid further build-up. 
Future Implications 
History in parts of the Old World has illustrated 
the importance of water quality for irrigation. Large 
areas in Central Asia where irrigated agriculture flour-
ished centuries ago are now essentially barren waste 
lands. These soils were rendered useless by allowing 
salts or sodium, or both, to accumulate to the point 
where soils could be no longer tilled or crops would 
no longer grow. Undoubtedly this could have been 
avoided if modern soil and irrigation science had been 
known and applied. 
In general, the quality of Nebraska ground water 
is good. However, this survey, farmers samples, sur-
veys by the Conservation and Survey Division and the 
U.S. Geological Survey reveal that in some areas prob-
lems will arise from the use of irrigation water unless 
proper management practices are employed. In cer-
tain localities farmers are aware of this. In others, 
problems may not occur for several years or possibly 
generations. 
By way of illustration, an "average water" was de-
termined for the eight counties in which the average 
RSC was 2.5 meq.jliter or more. Results were as fol-
lows: 
RSC-2.6 meq./liter 
SAR-.84 
Sodium-25 ppm 
The SAR does not indicate an immediate problem 
with a sodium hazard. The RSC value indicates that 
the sodium applied may be readily fixed on the soil 
surface if other conditions are favorable. 
The time required for an alkali condition to develop 
depends upon the amount of clay and organic matter 
in the soil, the amount of water applied and whether 
the sodium is adsorbed on the clay throughout the pro-
file, in the top foot, or at some other depth. Some 
assumptions need to be made for illustration. Assume 
18 inches of water is applied each year and that none 
of the sodium is leached out of the root zone. Then 
we can estimate these results: 
Soil texture 
Sandy loam 
Silt loam 
Clay loam 
Cation 
exchange 
capacity \
Time required to reach 15% 
sod.ium saturation in each 
foot (an alkali situation) 
8 meq./100 gm 
16 meq./100 gm 
24 meq./ 100 gm 
10 years 
20 years 
25 years 
This illustration is speculative, but indicates that if 
the proper conditions exist, problems could arise 
within a lifetime. Problems will arise much sooner for 
high saline or high sodium waters if improperly used. 
The high RSC water is much more common in Ne-
braska. This points up the need for farmers to know 
the quality of the water being used and the manage-
ment practices necessary for safe use. 
Section 2 
Soil Fertility and Nebraska's 
Ground Water 
By Clinton A. Hoover 
Formerly Assistant Professor of Agronomy 
(Agricultural Extension), Now, Head, Hall of Youth, 
Nebraska Center for Continuing Education 
Certain chemicals in ground water have fertilizer 
value when this water is used for crop irrigation. 
Chemical analysis of ground water samples in the 
1961-1962 surveys reveals important amounts of some 
essential plant food elements and insignificant amounts 
of others. 
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A knowledge of the presence of these elements and 
relative levels can help the irrigator better manage his 
soil fertility program. 
Sixteen elements are known to be essential for plant 
growth. Three of these, carbon, hydrogen and oxy-
gen, come from the air and water, and are usually in 
abundant supply even for nonirrigated crops. The 
remaining 13 elements must be supplied by the soil 
in adequate amounts for crops to grow well. These 
elements are: 
Primary Secondm·y 
nitrogen (N) calcium (Ca) 
phosphorus (P) magnesium (Mg) 
potassium (K) sulfur (S) 
Trace or Minot· 
zinc (Zn) molybdenum (Mo) 
iron (Fe) manganese (Mn) 
boron (B) chlorine (Cl) 
copper (Cu) 
The fertilizer value of any one of these elements 
found in ground water used for irrigation purposes 
depends on the soil's ability to supply an adequate 
amount of that element. 
Some elements, for example potassium and magne-
sium, are often found in abundant supply in many 
Nebraska soils. The presence of these elements in irri-
gation water generally has little if any beneficial effect 
on crop production. In some cases, continued applica-
tion of water containing large amounts of these ele-
ments might produce undesirable effects on crops and 
soils. 
On the other hand, some Nebraska soils are deficient 
in certain elements, such as sulfur. Irrigation water 
that supplies a generous amount of sulfur will likely 
help crops to which this water is applied. The need 
for supplemental fertilizer containing sulfur would 
be reduced or eliminated. 
J n still other situations, the chemicals in irrigation 
water supply maintenance amounts of certain essen-
tial elements. The amounts supplied during an irriga-
tion season may be enough to offset the annual crop 
removal of these elements. This means that the chances 
of these elements becoming deficient in the soil for 
good crop production are greatly reduced-so long as 
the irrigation water continues to supply these elements. 
To understand and appreciate the fertilizer value 
of irrigation water, the irrigator must know something 
about the chemical nature of his water. Much varia-
tion in chemical nature of ground water was found 
among the water samples analyzed in the 1961-1962 
survey. 
Results reported in this publication should be used 
only as a guide. The situation for any one particular 
irrigation well may be different from the average nu-
trient content found in the survey of random samples. 
An irrigator interested in knowing the situation on 
his particular well or wells should have a complete 
chemical analysis made on water samples from each 
well. Along with this should be a complete soil testing 
program 
Appendix Table I lists the average content and the 
range, by county, of each element tested in the survey. 
Results of chemical analysis on some I, I 00 ground 
water samples and what these mean in terms of ferti-
lizer value of the water follows. Concentrations of each 
element tested are reported in the left-hand column 
in parts of the element per million parts of water 
(ppm). Percent of samples falling into various concen-
tration levels is also reported. The right-hand column 
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Zinc deficient corn showing stunted growth and chlorosis (yellow-
ing of lower leaves. 
shows the concentration of each element in pounds 
per acre foot of water. These values are calculated 
by multiplying the value in ppm (left-hand column) by 
2.72. An acre foot of water weighs 2.72 million pounds; 
hence, I part per million equals 2.72 pounds per 
acre foot of water. 
Nitrogen 
Table 2. Nitrate-nitrogen content of ground water, 1,165 
samples. 
~itrogen % of Pounds N per 
ppm N samples acre foot of water 
0-0.9 440 38 0- 2.4 
1- 9 695 59 2.7-24.5 
10-19 2-i ~ 27.2-51.7 
more than 19" 6 I more than 51.7 
"The highest level found was 24.8 ppm (I sample). This represents 
67 .5 pounds N per acre foot of water. 
Except for a few localized areas, the nitrogen con-
tent of Nebraska's ground water is relatively low. The 
nitrogen in the water is as effective as the nitrogen in 
commercial inorganic fertilizers. A farmer applying 
l \;2-acre feet of irrigation water containing 5 ppm 
nitrate-nitrogen is applying about 20 pounds of avail-
able nitrogen. In areas where the survey revealed 
higher concentrations of nitrate-nitrogen, a substan-
tial amount of nitrogen is being applied with the 
irrigation water. 
Associated with these high levels of nitrogen (bene-
ficial from the standpoint of crop production) may in 
some instances be certain hazards to human and live-
stock health if used for drinking purposes. The health 
aspects of high nitrate ground water are discussed in 
Section 3. 
Phosphorus 
Table 3. Phosphate content of ground water, 1,124 samples. 
Phosphate , I Number of\ o/c of Pounds P per ppm P samples samples acre foot of water 
0-0.4 924 R2 0-1.1 
0.5-0.8 199 17 1.4--2.2 
more than 0.8" I more than 2.2 
• This sample contained 0.9 ppm. or 2.4 pounds of P per acre foot 
of water. 
The amount of phosphorus in ground water is prob-
ably too low to supply any worthwhile amount for 
crop production. 
Potassium 
Table 4. Potassium content of ground water, 1,141 samples. 
K. \Number of\ 7r of Pounds K per ppm samples samples acre foot of water 
0-9 .~76 !i1 0-2+ 
10-19 137 38 24- .')2 
20-29 lOR ~' :}4-79 30-39 12 I 82-106 
more than 39" 8 less than more than 106 
a The highest level found was i.~ ppm or 204 pounds K per acre 
foot of water. 
Many of the samples appear to contain significant 
amounts of potassium. The value of the potassium in 
Nebraska's ground water is questionable in view of 
the apparent adequate levels existing in most soils 
of the state. 
Excessive accumulations of potassium in soils may 
interfere with the uptake of such elements as magne-
sium and calcium, and perhaps other elements. 
On the other hand, soils depleted in potassium may 
be benefited by the potassium added in ground water 
used to irrigate these soils. 
Calcium 
Table 5. Calcium content o£ ground water, 1,085 samples. 
Ca. I Number of\ o/o of I Po~~~: [i,~t"er I Pounds lime per acre foot ppm samples samples of water of water" 
0-19 54 5 0- 52 0- 218 
20-39 415 38 54-106 227- 445 
40-59 384 35 109-160 258- 672 
60-79 175 16 163-215 685- 903 
80-99 29 3 218-269 916-1130 
more than 99b 28 3 more than 269 more than 1130 
11 Based on ag lime, 60 % effective. 
• The highest level found was 197 ppm or 536 pounds Ca per acre 
foot of water . This is equivalent to 2,251 pounds of ag lim e per acre 
foot of water. 
The presence of calcium carbonate and bicarbonate 
in Nebraska 's ground water influences the alkalinity 
of the soil in much the same way as does the addition 
of ag lime. Most ground water in the state contains 
appreciable amounts of calcium bicarbonate. 
Nearly half of the water samples tested in the survey 
contained about one-fourth ton of ag lime equivalent 
ll 
per acre foot of water. This is probably about enough 
lime to correct soil acidity caused by the use of acid-
forming commercial fertilizers and by normal decom-
position of crop residues. 
Some irrigators report that the use of high lime 
irrigation water for several years has eliminated the 
need for lime on soils that were initially acid before 
irrigation began. 
Ground water that supplies a considerable amount 
of calcium bicarbonate may cause a substantial 
decrease in soil acidity in a few years. 
Calcium is an essential plant nutrient in addition to 
its important role in controlling soil acidity and alka-
linity. From a nutrient standpoint, Nebraska soils 
generally supply adequate amounts of calcium and 
the value of the calcium in ground water is probably 
mmor. 
Magnesium 
Table 6. Magnesium content of ground water, 1,083 samples. 
Mg. 
PP"' 
0- 9 
10-19 
20-29 
30-39 
40-59 
more than 
N urn her of 7c- of acre foot acre foot I I I 
Pounds Mg peri Pounds lime per 
samples samples of ,.,rater of watera 
2.'i7 24 0- 24 0-101 
485 4il 25- 52 104-218 
212 19 54- 79 227-332 
7!'-J 7 82-106 344--445 
-13 ·1 109--160 458-{)72 
5911 II I more than 160 more than 672 
a Based on ag lime. 60 % effective. 
h The highest level found was 91.2 ppm or 248 pounds Mg per acre 
foot of water. This is equivalent to 1,042 pounds of ag lime per acre 
foot of water. 
Magnesium, like calcium, is an essential plant nu-
trient. The fertility value of magnesium in irrigation 
water is minor, particularly in central and western 
Nebraska. The predominant ions on the clay in this 
region are calcium, magnesium, and potassium. There 
appears to be little if any need for magnesium fer-
tilizer on these soils. 
Some acid soils of eastern Nebraska may benefit 
from the addition of magnesium in irrigation water. 
The favorable results of magnesium on soil produc-
tivity in these cases would likely be due to the liming 
effect of the water rather than the plant food contribu-
tion of magnesium. 
In evaluating the liming effects of irrigation water, 
you need to consider the total contribution of both 
calcium and magnesium, in addition to the amounts of 
Table 7. Sul£ate 
Sulfate, 
ppm S 
0- 9 
10-19 
20-29 
30-39 
40--49 
50-59 
60-100 
more than I 00• 
Sulfur 
content o£ ground water, 1,113 samples. 
Number of 
samples 
449 
318 
110 
73 
50 
41 
41 
31 
o/o of 
samples 
40 
29 
10 
6 
4 
4 
4 
3 
Pounds S per 
acre foot of water 
0- 24 
25- 52 
54- 79 
82-106 
109--133 
136-160 
163-272 
more than 272 
• The highest level found was 510 ppm or 1,387 pounds S per acre foot 
o{ water. 
carbonate and bicarbonate present in the water. These 
latter constituents were discussed in Section 1. 
The amount of sulfur present in the ground water 
samples tested varied from practically none to over 
1,000 pounds per acre foot of water. 
Annual applications of one or more acre feet of 
irrigation water containing 25 pounds of sulfur per 
acre foot of water can be expected to supply the sulfur 
needs of most crops grown in Nebraska. Sixty percent 
of the water samples tested contained 25 pounds or 
more of sulfur per acre foot of water. 
Most ground water of low sulfur content was found 
in northcentral Nebraska under sandy, low-organic 
matter soils on which a great deal of sulfur deficiency 
has been observed on alfalfa. 
Farmers irrigating soils of this nature should investi-
gate their irrigation water for sulfur content before 
applying fertilizer sulfur. 
Boron 
Table 8. Boron content of ground water, 1,025 samples. 
• The highest level found was 2.2 ppm. This was the only sample 
that exceeded I ppm. 
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Boron is an essential trace element for plant growth. 
According to U.S.D.A. Circular 969 "Classification and 
Use of Irrigation Water," plants usually show no boron 
deficiency if irrigated with water containing at least 
0.1 ppm boron. Nearly two-thirds of the water samples 
tested contained at least 0.1 ppm boron. It appears 
that Nebraska's ground water generally contains 
enough boron to provide crop needs. 
Boron may be toxic if present in excessive amounts. 
Injury may develop if soils are continually irrigated 
with water containing more than 1.0 ppm boron. In 
only one sample was boron high enough to cause con-
cern with respect to the development of toxicity from 
continued use of the water. This one sample was 
obtained from Deuel County. 
Iron 
The iron content of ground water varied from a 
trace to quantities which may cause incrusting prob-
lems in irrigation systems. Iron is an essential trace 
element for plant growth, but it is doubtful that the 
iron remains in a soluble form long enough to be 
available to plants grown on iron deficient soils. 
Hence, the iron content of irrigation water may have 
little if any fertilizer value. A discussion of incrusta-
tion problems associated with water of high Iron con-
tent may be found in Section 4. 
Section 3 
Nitrate Pollution of 
Ground Water 
By Paul Fischbach 
Associate Professor of Agricultural Engineering 
(Agricultural Extension) 
Nitrogen, regardless of the form in which it is ap-
plied, is ultimately changed to nitrate-nitrogen by 
soil microbial processes. Sources of nitrogen include 
crop residues, barnyard manure or commercial fer-
tilizers. The nitrate form of nitrogen is not held by 
soil clay and organic matter, but instead is soluble 
and free to move with soil water. 
Research has shown that as water moves through 
the soil from rainfall or irrigation, nitrate present in 
the soil moves with it. If soil moisture is initiallv 
below field capacity, water moving through the soil 
will carry nitrate and deposit it at the wetting front. 
If soil moisture is at field capacity, additional water 
moving through the soil will carry some nitrate in 
advance of the wetting front. In either case, if water 
penetrates below the root zone of the crop, some ni-
trate will be carried below the root zone and lost to 
the crop. 
Nitrate also moves upward and can be deposited on 
the soil surface under two conditions: 
J. Under furrow irrigation, water from the irriga-
tion furrow will move into the dry ridge by capillarity. 
Since nitrate is soluble, it will be carried into the ridge 
with the water. As the water is lost from the ridge 
through evaporation and plant use, nitrate is left 
behind. 
2. V\Then the water table is near the surface and 
rainfall or irrigation water penetrates to the water 
table, a saturated soil profile results. As water is lost 
from the surface o[ the soi.l through evaporation and 
plant use , water carrying nitrate will move upward 
and the nitrate will be deposited on or near the sur-
face. 
Excessive Nitrate-Nitrogen Content 
Thirty of the I, I 66 samples tested during the I 96 I 
irrigation season had concentrations of I 0 ppm or 
more nitrate-nitrogen (Table 9). 
Concentrations of 10 ppm nitrate-nitrogen or greater 
are considered hazardous to infants if used for their 
water supply or in their formulas , according to the 
State Health Department. Seven hundred and thirty-
two, or fi2 % of the samples, had concentrations of 
less than two ppm nitrate-nitrogen. 
'!\Tater samples that had concentrations of nitrate-
nitrogen greater than 10 ppm were in Seward, Mer-
rick, Sioux, Dawes, Phelps, Fillmore, Nance, Stanton, 
Dodge, Holt, Knox and Platte Counties (Fig. 5). 
Most of the samples containing concentrations 
greater than 10 ppm nitrate-nitrogen were in Merrick 
County. Possible reasons for this are: 
1. Merrick County has a large number of irriga-
tion wells ( 1,98 I registered on January I, 1 963). 
2. About 95 percent of the tillable land in the 
county is irrigated. The soils are generally medium to 
coarse textured, underlain with sand and gravel at 
depths of 2 to 5 feet. 
3. Large amounts of commercial fertilizer have 
been used on the irrigated land since I 950. 
4. A considerable acreage of alfalfa is grown on sub-
irrigated land. 
5. Many cattle are fed in the county, a situation 
which creates an opportunity for pollution of ground 
water by surface runoff from feed yards into wells nne! 
the leaching of nitrate through the shallow, sandy 
soils overlying high water tables. 
Table 9. Percent of sample carrying vzrious amounts of nitr:lte· 
nitrogen. 1961 Water Quality Survey. 
Nitra te-~itrogen I No. samples I Percent Ave. 
10.0 or more 30 3 15.5 
9.9-5.0 91 8 6.6 
4.9-2.0 313 27 3.2 
2.0 or less 732 62 0.8 
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Figure 5. Counties having one or more irrigation water samples 
with concentrations of nitrate-nitrogen greater than 10.0 ppm, 
Water Quality Survey, 1961. 
Relation of Nitrate-Nitrogen Content 
to Depth to Ground Water 
Data from the 1, I 66 water samples from irrigation 
wells in the state show a relationship between the 
concentration of nitrate-nitrogen in the ground water 
and the average depth to the static water level (Table 
10). 
The ground water samples containing concentra-
tions greater than 10 ppm nitrate-nitrogen were col-
lected from wells where the average depth to static 
water level was 38 feet. Samples containing concen-
trations of nitrate-nitrogen of less than 2 ppm had 
an average depth to static water level of 61 feet. 
Table 10. The average depth to static level and average 
depth of well compared to various concentrations of nitate 
nitrogen. Water Quality Survey, 1961 
Nitrate-Nitrogen Ave . depth to Ave. depth 
ppm. static water level of well 
10.0 or more 38 feet 103 feet 
9.9-5 .0 49 feet 114 feet 
4.9-2.0 56 feet 135 feet 
2.0 or less 61 feet 155 feet 
Variations in Nitrate-Nitrogen Content 
with Season (Seward Co. Study) 
Irrigation wells from which water samples were 
obtained and tested for variation in nitrate-nitrogen 
concentration during spring, irrigation season, and 
fall are located in Seward County. This area is bor-
dered by the Blue River on the east, Hiways 2 and 
34 on the north, as far west as Utica, Nebraska, and 
as far south as Goehner, Nebraska. 
Well No. I is near the center of the area. The sur-
face topography (2) has ill defined drainage which 
would generally indicate that most of the water that 
fell as rain or was applied as irrigation water would 
either percolate into the soil or evaporate. 
The ground water gradient tends to level out near 
the center of the area with the gradients sloping 
towards Lincoln Creek to the north, Big Blue River 
to the east, and West Fork of Big Blue River to the 
south (3). 
Changes in ground water levels occur each year. 
The ground water is usually the highest for any speci-
fic year during the spring. At the end of the irrigation 
Table 11. Nitrate-nitrogen vanatwns duirng spring, irrigation 
season and fall during 1960-1962, Seward County. 
Year 1960 Yea r 1961 
Well No. Irrig. I 
season Fall Sp. I ,~;;~~ I Fall 
ppm ppm ppm ppm ppm ppm ppm ppm 
1 14.2 20.5 2R.O 14.6 12.8 32.0 
2 5 .2 4.1 5.2 5.6 17.6 11.6 
3 5.4 3.4 8.4 5A 5.0 -1.9 
4 3.9 6.0 5.5 3.0 5.4 
and growing season, ground water levels are at their 
lowest. The cones of depression created by pumping 
the irrigation wells start leveling out after the well~ 
are shut off. If ground water is recharging clown 
through the profile at this time or during the fall 
months from rain water percolating down through 
the profile, nitrate may be carried with the recharge 
water, thus causing some of the fluctuations in con-
centration of nitrate-nitrogen shown in Table II. 
The concentration of nitrate-nitrogen is much 
l~igher in the spring and fall than during the irriga-
tiOn season in Well To. I (Table 11). 
More research is needed to determine the causes 
of fluctuation in concentrations of nitrate-nitrogen in 
the ground water pumped by irrigation wells. How-
ever, there may be some relationship between the 
fluctuations of the ground water levels measured in 
irrigation wells and the concentration of nitrate-
t:itrogen measured in the water samples from irriga-
tiOn wells. 
. In '!\Tell No.2, the concentration of nitrate-nitrogen 
m the ground water remained fairly constant until the 
sam pie was taken in the fall of 1961. Then it increased 
from 5.6 ppm during the irrigation season to 17.6 
ppm. During the next irrigation season ( 1962) the 
concentration decreased from 17.6 ppm to 11.6 ppm, 
but had a much higher concentration than during the 
1961 irrigation season. 
Water Quality Survey 1962 
Nebraska ground water samples with a concentra-
tion of nitrate-nitrogen exceeding 10.0 ppm in 1961 
were resamplecl during June and again in August, 
196~, to study the changes in nitrate-nitrogen concen-
tration. In addition, four irrigation wells and one 
clo~estic well surrounding each of the original irri-
gatw~ wells_ were selected for sampling and analysis 
of mtrate-mtrogen. The purpose was to determine 
the size of the area polluted. The distance of the four 
surrou?cling ~ells sampled in 1962 varied from y; 
to l mlle on either side of the original irrigation well . 
The concentration of nitrate-nitrogen decreased 
from July, 1961, to August, 1962, in all but one of 
tl:e original i_rrigation wells resamplecl. The high 
mtrate producmg wells in Sioux and Dawes Counties 
decreased to below I 0.0 ppm nitrate-nitrogen (Figs. 
5 & 6). 
. The si_ze of the area with high concentrations of 
mtrate-mtrogen in the ground water varied consider-
ably. For example, in Stanton County, locations "a, 
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Figure 6. Counties having one or more irrigation water samples 
with concentrations of nitrate-nitrogen greater than 10.0 ppm, 
Water Quality Survey, 1962. 
b and f" (Appendix Table 2) show that the area pol-
luted with nitrate to be very limited. Nance County 
locations "a-f" show that the area polluted is larger 
t~1an the area sampled-all of the surrounding irriga-
tton wells, the domestic well and the original well 
contained nitrate-nitrogen exceeding 10.0 ppm. 
In general, irrigation wells in Merrick, Nance, and 
Platte Counties that had high concentrations of nitrate 
in 1961 have wells surrounding them with high con-
centrations of nitrate in the ground water. These 
areas have sandy soils with comparatively high intake 
rates. Most of the soils in this area are underlain by 
sand and gravel at about five feet. The static ground 
water levels are shallow. The area is intensively irri-
gated and the main crops are corn, alfalfa, and grain 
sorghum. Commercial nitrogen fertilizers have been 
used extensively on corn and grain sorghums since 
1950. Many farm cattle feeding operations are also 
located in these counties. Alfalfa hay is one of the 
rna jor crops. All of these are possible sources of nitrate 
which may pollute the ground water. (In the case of 
alfalfa when grown for green man~ . .1Te.) 
Implications 
Nitr_ate is so~ubl~ and moves with the water through 
t!1e soil resultmg m economic loss of nitrogen ferti-
lizer out of the root zone. Consequently the nitrate 
problem has profound implications in irrigation and 
f~rtilization management practices. Rain or irriga-
tt?n wat~r moves do':'n through the soil carrying 
mtrate with tt. Some mtrate may move in advance of 
the wetting front if the wetting front meets soil that 
already is wet to field capacity. 
Irrigation Management 
Excess irrigation water should not be applied unless 
leaching of harmful salts is required. See Section I, 
page 6. 
If leaching is required to remove excess harmful 
salts, this should be done after the crop has used most 
of the nitrate, probably late in the growing season, 
fall or spring. Always refill the root zone with water 
before applying nitrogen fertilizer. 
Irrigation water applied during the growing season 
should not penetrate below the depth from which 
I 
roots have extracted soil moisture. If it does, the water 
may move most of the nitrate out of the root zone. 
To avoid leaching, the irrigator must know when 
to start and stop irrigating and how much water he 
is applying each irrigation. The amount of water can 
be determined by water meters, parshall flume or some 
water measuring device, and by calculating the area 
irrigated each irrigation set. When to start and stop 
irrigating can be determined by placing tensiometer 
or electrical resistance blocks in the field irrigated. 
Nitrogen Fertilizer Management 
Delaying the application of nitrogen fertilizer until 
the crop is growing and roots are actively absorbing 
nitrogen reduces the time during which applied nitro-
gen may be subject to leaching. Fertilizer experiments 
on irrigated corn in Nebraska during 1957-1959 show 
that better yields are usually obtained from summer 
side dressing than from either fall or spring preplant 
application when nitrogen fertilizers are applied at 
minimum rates (4). 
When more nitrogen fertilizer is applied than is 
needed for top corn yields, the differences between 
fall, spring and side dressing times of application are 
usually insignificant. 
Applying part of nitrogen fertilizer in the irriga-
tion water may also reduce the hazard of nitrate leach-
ing, especially on sandy soils. 
Section 4 
Corrosion and Incrustation 
By Deon D. Axthelm 
Water Resources Specialist 
Agricultural Extension Service 
The extent of corrosion or incrustation as a result 
of poor water quality cannot be predicted reliably by 
chemical analysis of water alone. However, analysis 
can indicate whether water will have a tendency to 
deposit a layer of minerals that will eventually close 
well screen and gravel pack openings (incrustation). 
Analysis can also indicate whether water will have a 
tendency to erode or remove scale from the surface 
of a well screen or casing (corrosion). 
Data from the water analysis in this study were 
analyzed to determine a "saturation index" which 
Irrigation pipe column showing incrustation to depth of one 
half inch. 
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describes the chemical balance of the water and indi-
cates the tendency and the degree of potential incrusta-
tion or corrosion (5). Because of the complexity of 
chemical interactions in well waters, positive predic-
tion methods have not been developed. 
The total mineral content of each water sample was 
determined by a conductivity test. Conductivity meas-
ures the amount of electrical current the water can 
carry. Under certain conditions the current carrying 
capacity of the water promotes the corrosive tenden-
cies in most metals. 
How Incrustation Occurs 
Incrustation is caused either by the precipitation of 
certain minerals or by clogging with silt, sands, or 
other foreign materials. The saturation index indi-
cates the possibility of such incrustation on the screen, 
the gravel pack or in the water bearing formation by 
calcium and magnesium carbonates (lime) . 
These deposits fill the pore spaces and cement the 
sand and gravel together, to the screen, or both. An 
impermeable barrier of deposits thus reduces or stops 
the flow of water into the well. Calcium .and mag-
nesium salts are found in abundance in most Nebraska 
ground waters. 
The rate at which minerals may be deposited to 
form incrustation can be affected by the amount of 
drawdown in a well during pumping. An excessive 
amount of drawdown can cause: 
l. Reduced pressures on the water. 
2. Increased water velocity. 
3. Exposed well screen. 
Reduced pressures and increased velocities both 
have the effect of increasing chemical reactions of the 
minerals in the water with a resulting potential for 
a higher incrustation rate. Well screens exposed by 
excessive drawdown permit air to enter the spaces 
between the gravel or sand of the water bearing ma-
terials. The aeration and wetting and drying actions 
of the water film surrounding the sand and gravel 
particles may cause incrusting or cementing actions. 
·The result of partially sealed well screens is increased 
water velocities through remaining openings and a 
consequent potential increase of incrustation. 
Preventing incrustation is not completely possible. 
A slight amount of incrustation may be desirable since 
it helps prevent electrolytic corrosion. Incrustation can 
be reduced by keeping as near normal pressures as pos-
sible on the ground water. This is accomplished by 
maintaining drawdown (lowering of water level) at 
a minimum during pumping. 
vVell owners should understand that for a non-
artesian well a drawclown of 50 percent results in 
about 75 percent maximum water yield of the well. 
Correct installations, correct screen openings and com-
plete development of the well help maintain a reason-
able drawdown level (6). 
Additional wells also could be installed to deliver 
the amount of water desired to maintain high water 
levels during pumping. Reducing water velocities by 
reducing pumping rates minimizes incrustation possi-
bilities. 
' 'Vetting and drying actions can be delayed by 
installing well screens at a depth where pumping 
levels will not expose the openings. 
Incrustation can sometimes be removed from metal 
cased wells with acid treatments undertaken by reli-
able drillers or technicians (7). Treatment is expensive 
and results are not always satisfactory. Other clogging 
material can be removed with other well treatment 
materials, such as polyphosphates. 
How Corrosion Occurs 
Corrosion occurs when any material is eaten away 
or decomposed by chemical action. Causes of corrosion 
are: 
1. Direct chemical or 2. electrolytic actions. 
Direct chemical action is the destruction of material 
by acid solutions. In this survey no ground water 
tested less than a pH value of 7.0. This value indicates 
very little potential of corrosion by direct attack (8). 
There are a few areas in the state in which hydrogen 
sulfide (H2S) occurs in well waters. H 2S is acidic and 
attacks metals. H 2S can be detected readily by the 
distinctive rotten-egg odor. Where this odor occurs 
direct chemical attack of metal can be expected from 
such waters (9). Metal equipment used in these wells 
should be increased in thickness to assure longer life. 
Electrolytic or galvanic action occurs when there 
is a flow of current between two or more different 
metals submerged in a solution that contains dissolved 
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Corrosion has eaten away these irrigation well nuts. 
minerals. The current is self generating as the min-
eralized water contacts and reacts with a metal. High 
mineral content in water provides an easier path fOJ 
electric current than does less mineralized water. 
Conductivity values, which are indications of the 
mineral ions, indicate the current carrying potential 
of the ground water. The reacting metal must in some 
way be connected in a circuit with a second metal. An 
example of such a circuit could be an irrigation pump 
resting on a metal well casing. The circuit may also be 
established between two dissimilar metals that are 
in metal-to-metal contact with each other and sub-
merged. An example is a bolt on a pump column. 
A circuit also can be established within a single 
piece of submerged metal like a pump column or well 
screen. The impurities, grain boundaries, areas of 
stress, etc., in the metal all may differ sufficiently 
from the major portions of the remaining metal to 
create a galvanic cell and cause electrolytic action. 
Each of these circuits is capable of causing corro-
sion. The more unlike the metals forming the circuit. 
the greater the voltage potential. Likewise, the greater 
the salt content of the water, the greater the voltage. 
The operation of the galvanic cell or flow of current 
from one part of metal to another starts when the 
water (electrolyte) reacts chemically with one of the 
metals. The reacting metal particles change form. 
releasing an electric charge. This is electrolytic or 
galvanic corrosion (10). The charge or current travels 
by metal ions in the solution to the receiving metal. 
The receiving metal, the cathode, may be plated with 
either metal or hydrogen. This does not usually injure 
the receiving metal. 
Pitting and build up of materials on the same piece 
of metal pipe submerged in water, is an excellent 
illustration of this process. The reacting metal particle 
completely leaves the anode and in some instances is 
deposited at the cathode. It is also possible for the 
metal particle to be incorporated in some other chemi-
cal reaction and never reach the ca thode. 
Deposits, when sufficiently thick at either the 
cathode or anode, may insulate the metal and stop 
current flow. Thus, corrosion may be stopped. 
Aeration of water is usually considered a promoter 
of galvanic corrosion, although air plays a dual role. 
The cathode in some electrolytic actions receives a 
plating of hydrogen instead of other mineral mater-
ials. Hydrogen plating stops current flow. When extra 
oxygen is mixed with water, it can combine with the 
hydrogen and remove this protective plating. The 
removal of the hydrogen permits the current to flow 
and corrosion to restart. 
In other instances oxygen can retard corrosion by 
combining with corrosion products at the anode to 
form a rust-like covering. This covering can effectively 
shut off current flow, if it is continuous and thick 
enough to insulate the anode. Oxygen apparently 
causes, more than inhibits, corrosion . To prevent air 
and oxygen from mixing with ground water, Nebraska 
well owners should try to prevent cascading or undue 
agitation of well waters by correct design and installa-
tion of irrigation wells and pumps. 
Corrosion, Incrustation at the Same Time 
Corrosion and incrustation have more opportunity 
to occur simultaneously in areas where the saturation 
index and conductivity are both high. Cracks and 
chips in mineral deposits ca n occur or water moving 
at high velocities can erode protective incrustation 
coverings exposing the metal surface. High conduc-
tivity water encourages corrosion at these points if an 
electric circuit is established. \1\Tells in such areas 
should be thoroughly investigated before proceeding 
with plans. 
An example of such a well is in Dundy County. 
Both corrosion and incrustation were occurring. The 
saturation index was 2.37 and the conductivity was 
2.7. Length of well life may be only 2-5 years with 
these conditions. Special and heavier materials may 
be required for use in such areas. 
Conductivity values are important in making deci-
sions about type and thickness of metals to use in irri-
gation wells. 
Interpretation of Tests 
The range and average saturation indexes from this 
study are printed in each county of the state map 
(Figure 7). These figures represent only the limited 
number of wells sampled in each county. 
In each county the saturation index is listed accord-
ing to the following plan: 
High-Low (range in each county) 
Average (for the county) 
Values represent as man y as 71 samples (Hamilton 
County) to one sample (Grant and McPherson Coun-
ties) . The map shows only the index for the one 
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sample in those two counties. Two samples only were 
tested in each of Arthur, Cuming, Dixon, and Hooker 
Counties. No samples were collected in Boyd, Cass, 
Keya Paha, Nemaha, Otoe, Pawnee, Richardson, and 
Washington Counties. 
Large reel clots in each county locate wells with a 
saturation index value of a +2.00 or greater. 
Conductivity values are shown in Appendix Figure 
1. Each shading represents areas of Nebraska having 
similar conductivity. 
For determining saturation index and conductivity 
values of wells in particular areas refer to specific data 
available in County Extension Offices. 
Saturation Index 
A saturation index of zero indicates that the chemi-
cal composition of the water is in equilibrium. A posi-
tive index indica tes a tendency of the water to deposit 
scale or to incrust (11) . Higher index numbers show 
greater deposit potential. An index of +2.00 or higher 
ma y be in the high incrustation possibility range. 
There were 48 readings of +2.00 or higher in 22 
counties (Figure 7). 
A negative index indicates water that may tend to 
be corrosive. There were seven negative saturation 
index readings in six counties: Blaine, Cherry, Gar-
field , Holt, Merrick, and Thomas. The lowest reading 
was -0.54 in Holt County. Because of testing proce-
dure inaccuracies no importance should be a ttached 
to these negative readings. 
The effects of pH levels. In general, a pH value 
below 7.0 is acid in reaction and tends to be corrosive. 
Water with a pH value above 7.0 tends to be incrust-
ing. There were no values below pH 7.4. 
Unless used in conjunction with other determina-
tions, pH values can be misleading. However, we can 
infer that there will be little or no corrosion from 
direct chemical action of Nebraska's water on metals. 
Conductivity 
Conductivity is the ability of water to carry an elec-
tric current. Current-carrying ability is a result of the 
mineral or salt content of the water. As the amount of 
dissolved minerals increases, the amount of current 
the water can carry increases, resulting in higher con-
ductivity values. 
As conductivity values rise, the potential for elec-
trolytic (galvanic) corrosion of metals increases. All 
natural waters contain some dissolved minerals; thus, 
all ground wa ter holds the possibility of at least en-
couraging galvanic corrosion if the proper conditions 
exist. However, the possibility is slight at lower values 
of conductivity. 
Corrosion is not a severe problem in most areas in 
Nebraska. This indicates that the lower conductivity 
values for the state are of less concern than highe~ 
values when judgments need to be made about corro-
sive potential. The areas on the map (Appendix Figure 
I) shown in white, are considered to be moderately 
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Figure 7. Saturation Index values, Water Quality Survey, 1961. 
high. No specific conductivity level can definitely cause 
corrosion because the kind of well casing and pump 
metals and the mineral deposits affect the corrosion 
possibilities. 
The important idea is that as conductivity readings 
increase, corrosion possibilities increase. Also, if the 
conductivity reading is high and the saturation index 
is also high, corrosion can in some cases proceed simul-
taneously with the build-up of incrusting materials. 
Implications for the Future 
Recommendations for Planning 
New Irrigation Wells 
Cbeck Figure 7 and Appendix Figure I for the high 
saturation index and conductivity readings in your 
county. Specific well records are in the County Exten-
sion offices. H the proposed well is to be located where 
the index values are near +2.00 or in the area or high 
conductivity values, investigate the data of specific 
wells nearest your proposed well. 
Check with local well owners for their experiences 
with incrusting or plugging problems. This will help 
you decide on types of casings and the type and thick-
ness of metals. In general, well casings in Nebraska 
do not require anything but the common iron metals 
or concrete currently used. In some areas, use or 
thicker or higher quality metals will prolong well 
and pump life. 
The computation of a saturation index for indi-
vidual water samples is not ordinarily recommended. 
It is a long and costly procedure. Examination of con-
ductivity readings and mineral content analysis will 
usually give enough indication of incrustation or 
corrosion possibilities. In areas where doubt exists, a 
standard water analysis should be made and compe-
tent advice sought. 
Special Problems 
Tests for iron were inconclusive. Iron content is 
difficult to determine without special sampling meth-
ods. Iron content in most Nebraska ground water is 
probably not high enough to cause special concern 
about corrosion problems. There may be sufficient 
quantities in some wells to cause incrustation prob-
lems of a special nature. 
The iron occurring naturally in water can be 
attacked by bacteria. These bacteria convert the solu-
ble iron in the water to iron hydroxides. The hy-
droxides cover the bacteria cells, resulting in masses 
of jelly-like, slimy growths in wells. When the proper 
bacteria and iron are both present the build-up of 
great masses of jelly-like substances is possible. This 
may clog well screen openings, pipes, gravel packs, 
etc., and close water passages. This jelly-like mass 
quickly forms reel or black rust-like material when 
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exposed to air. This also can be a problem in domestic 
wells and water systems. 
These bacteria may be found in many waters and 
also can be introduced by contaminated well drilling 
equipment. They are easily killed by chlorination 
treatments. 
Piping systems for irrigation are subject to the 
same water corrosion problems as wells or pumps. 
Fortunately, non-conducting materials are used for 
coupling gaskets. This tends to break some of the pos-
sible electrical circuits. Corrosion by electrolytic action 
can occur, however, within a single pipe length. 
Corrosion and incrustation on irrigation piping 
systems due to water quality usually are not severe in 
Nebraska. Occasionally, discoloration of pipes causes 
alarm. Quite often this can be attributed to precipita-
tion of iron which occurs as soon as it comes in con-
tact with air. The discoloration caused by iron oxides 
is not harmful to pipe. 
Conclusion 
Corrosion and incrustation due to water quality 
seldom are serious in Nebraska if wells are properly 
designed and managed for conditions and chemical 
nature of the water. 
Incrustation appears to be a bigger problem in the 
Future than corrosion. 
Positive saturation index values indicate incrusta-
tion potentials. The average saturation index values of 
all counties ranged from 1.88 to 0.13, indicating that 
if deposits occur they will generally build slowly. 
There were 22 counties with +2.00 or higher indexes, 
indicating areas within counties where incrustation 
may build swiftly. 
Slow but eventual build-up of deposits will cause 
some need for renovation or replacement of wells. 
Attention should be paid to water quality in locating 
a well. w·ell owners should follow reasonable operat-
ing practices to prevent incrustation. Drillers should 
be prepared in the near future to deal with problems 
of renovation through the use of well cleaning treat-
ments, including acids. Educational institutions and 
professional associations should take the lead in teach-
ing means and methods of renovation. 
Although not extensive, some medium and high 
conductivities were found. Some weakening of metals 
from corrosion can be expected from galvanic type 
actions. Higher quality metals, heavier gauge metals 
or non-metallic materials, if adaptable, should be used 
in areas of high conductivity values. 
High pH values in Nebraska indicate little poten-
tial for direct chemical corrosion. 
The standard water analysis can give some indica-
tion of corrosion or incrustation potential. It is not 
generally recommended that a saturation index be 
computed in Nebraska. 
I 
....... 
•' 
Section 5 
Research Needed 
The committee has indicated the need to gather new 
information in the following areas: 
1. Nitrate toxicity in foodstuffs associated with a 
reduction in milk production and the early dropping 
of calves. It was noted that the dairy husbandry depart-
ment is currently conducting some investigations in 
this matter. The University of Missouri was noted to 
be working rather extensively on this problem. 
2. Environmental and physiological factors of plants 
that influence nitrate accumulation. This area would 
require a new project in the . Nebraska Agricultural 
Experiment Station. 
3. Fate of applied nitrogen. A project covering this 
matter has been submitted to the Nebraska Agricul-
tural Experiment Station. Although currently not a 
part of this project, information is also needed on the 
quantities of nitrogen that are leached with given 
quantities of irrigation water. 
4. Water quality studies in surface waters. The 
Department of '1\1 a ter Resources of the State of N e-
braska has requested funds and plans a new program 
to establish a rather permanent network of stations 
for continued sampling and testing of the quality of 
surface water of the state. It is planned that this pro-
gram is to be cooperative with the United States Geo-
logical Survey. It also appears very desirable that the 
program of testing quality of surface water should be 
closely coordinated with the water quality studies of 
the ground water suggested earlier in this report. 
5. Hydrologic conditions required for accumulation 
of nitrate in ground water. Agricultural Engineering 
plans to participate in a proposal of this type. It is 
felt that such a project would cover the gap in infor-
mation between work currently being done within 
the rooting zone of the surface soil and the informa-
tion that is to be gathered concerning the quality of 
ground water. 
6. Management practices for the safe utilization 
of water of medium and high sodium and salinity haz-
ards. Water of poor quality can be used for irrigation 
of salt tolerant crops without developing serious soil 
problems if correct management practices are fol-
lowed. Studies are needed to determine the right man-
agement practices and amendments for various types 
of soils under climatic conditions of Nebraska. Rain-
fall undoubtedly has a diluting effect on the need for 
leaching requirement where medium and high saline 
water is used and for gypsum when the RSC and SAR 
values are high. 
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N 
County Ave Range Ave 
Adams 0.6 0- 3.tl 0.24 
Antelope 0.5 0- 3.6 .27 
Arthur 1.6 1.6* .40 
Banner 2.3 1.4- 2.8 .10 
Bl aine 1.3 0. 2- 3.7 .38 
Boone 0.6 0.1- 1.0 .25 
Box Butte 1.6 0- 2.7 .15 
Brown 2.5 ·9- 5.0 .29 
Buffalo 2.4 0- 9.6 .10 
Burt 0.1 0- l.l .21 
Butl er 1.3 0- 7-5 .18 
Cedar 0.5 0- 1.0 .12 
Chase 1.9 1.6- 2.4 .10 
Cherry 0.6 0- 0.9 .33 
Cheyenne 4.3 2.5- 8.0 .10 
Clay 1.7 0- 6.2 . 26 
Colfax 1.6 0.1- 5.4 .16 
Cuming 0.4 0- 1.9 .20 
Custer 1.4 0- 3.4 .11 
Dakota 0.0 0- .10 
'" 
Dawes 5.0 0.4-20.0 .10 
Dawson 1. 9 0- 6.9 .13 
Deuel 3.4 0- 5.9 .10 
Dixon 3.2 0- 6.3 .10 
Dodge 2.2 O-llt.6 .28 
Douglas 1.4 0- 8.0 .19 
Dun ely 0.7 0- 3.1 .10 
Fillmore 1. 9 0-13.6 .20 
Franklin 1.8 0- 3·7 .23 
Front i er 2 .4 0.3- 4. 2 .10 
Furnas 2. 5 0- 5.8 .11 
Gage 2.1 0.4- 9.6 .20 
Garden 2.6 0.5- 4.9 .13 
Garfield 1.2 0.3- 1.6 .30 
Gosper 3.4 1.7- 5.0 .11 
Grant 0.1 0.1* .40 
Greeley l.l 0- 4.2 .18 
Hall 1.5 0- 6.9 . 21 
Hami l ton 1.6 0- 8.0 .33 
Harlan 1.0 0- 6.0 .17 
Hayes 1.4 0- 2.3 .10 
Hitchcock 2.5 0.2- 7-2 .10 
Holt 3. 5 0-17.6. .17 
Hooker 0.2 0.1- 0.2 .25 
Howard 0.9 0.1- 2.8 .23 
Jefferson 1.1 0.2- 5;0 .30 
Johnson l.l 0- 5.3 .30 
Kearney 1.9 0.1- 6.7 .20 
Kei th 2.2 0.2- 6.4 .10 
Kimball 2.4 o.6- 3.7 .10 
IJ:(. ,~ •·\J ,_ 
APPENDIX 
Appendix Table I. lrrigation water quality survey 1961 (expressed in parts per million (ppm). 
p K Ca Mg s I B 
Range M Ave Range Ave Range Ave Range Ave Range Ave RangE! 
0- .4 9-0 6-15 146.5 34-65 10.6 2.6-23.4 11.4 0-39 0.14 < . 05 -0.40 
.1- -3 9·9 4-15 51.8 30-70 12.8 8.6-19.2 1.8 l-3 0.13 <.05- . 25 
.4 12.0 12 22 .0 22 2.0 2.0 1.0 l . c6 . c6 - . 05 
.1- .l 5.6 5-7 32 .4 27-37 14.9 14.4-15.2 5.0 2-7 .ll .10- .15 
.2- .4 8.3 5-15 22 .0 12-39 6.6 0.6-12.4 2.5 2-4 .o4 (.05- .10 
.1- .4 10.8 9-12 '58.6 28-75 16.9 ll.6-26.9 2.5 l-4 .12 .10- .15 
.1- .• 3 22.5 7-75 40.3 21-6/t 19.2 10.8-37 .0 16.1 2-53 .25 .10- .50 
. 2- .3 6.4 5-9 22.1 15-28 4.7 3.0- 6 .3 0.9 0-2 .o8 (.05- .15 
.1- .l 12.9 10-16 47.3 25 -77 11.3 4.3-14.9 76.0 52-145 .11 .05- .20 
.1- .8 8.1 3-14 28 .8 18-46 44.5 26 .8-91.2 35.9 4-173 .19 (.05- .60 
0- .5 9·7 7-14 33.1 20-86 27.5 12.4-59 .6 21.6 9-55 .07 (.05- .20 
.1- .2 6.4 . 4-9 48.4 21-93 33.0 20.0-65 .2 27.4 4-44 .12 .10- .15 
.1- .l 11.1 8-16 22.4 15-26 17.3 12.7-23.6 4.3 3-8 
-09 <.05- .20 
.3- .It 5.7 5-6 17.7 14-20 2.3 0.1- 6.1 2.3 l-4 .05 .05- .05 
.1- .l 9.8 6-20 18.2 13-25 27 .2 15.8-44.6 9.4 2-29 .10 (.05- .25 
0- 6 7·7 5-ll 46.9 20-76 29.6 l.l-89.5 15.3 0-43 . o8 (.05- .45 
.1- .4 8.4 6-17 30.9 14-76 24 .6 12 .4-'~9 . 6 18.6 5-95 .13 (.05- .40 
0- .4 7.7 4-23 22.7 16-26 25 . 0 18.6-33 .4 10.0 0-14 . 05 . 05- .05 
.1- .2 11.4 7-19 32.6 21-56 16.8 6. 0-33.8 3.4 1-ll .ll (.05- .30 
.1- .l 17.4 13-22 50.8 30-89 38.4 33.4-44.3 69 .0 48-115 .22 .15- .30 
.1- .l 17.2 7-49 42.8 19-119 26 .7 17.9-47.2 16.4 2-69 . o8 (.05- .25 
.1- .6 19.7 7-41 45.8 23-78 23 .4 5. 0-42.4 45.0 l-165 .13 (.05- .40 
.1- .l 17.3 12-28 81.0 14-157 45.7 18.8-80.8 32.9 6-69 .19 (.05-2.2 
.1- .l 6.0 5-7 37.5 25 -50 24.8 24 .5-25.1 28 .5 22-35 .10 • 05- .15 
.1- ·7 10.4 5-24 41.2 12-81 26.0 9.2-48.7 35.3 8-180 .10 (.05- .45 
0- .4 7.8 5-ll 47.1 34-60 14.8 6.4-24.0 19.9 0-52 .05 (.05- · .10 
.1- .• l 25.8 12-43 72.2 23 -197 43.1 11.2-51.4 167.1 3-510 .24 .05- .50 
.1- .6 9.0 7-12 51.7 28-1o8 12.3 2. 5-29.2 23 .3 9-165 .07 (. 05- .15 
.1- .4 ll.8 9-14 39.3 29-60 13.2 6.1-23.6 12.9 lt-25 .20 (.05- .30 
.1- .l 15.3 13-21 32 .4 26-40 17.3 11.3-27 .8 7.8 4-22 .12 (.05- .20 
.1- .2 15.3 ll-27 52 .6 33-82 18.3 5.2-29 .6 115.0 4-40 .14 .10- .20 
.1- .5 4.2 3-6 40.4 23-78 14.5 7.0-28.0 8 .0 l-21 . o8 (. 05 - .15 
.1- .3 13.7 7-20 45.3 24-71 9.8 0-18.5 9·9 2-26 .12 .10- . 20 
.1- .4 8.4 3-14 35.4 14-55 5.7 2.4-10.2 1.2 0-4 . 23 . 05- .90 
.1- .2 17.6 12-26 54. 9 26-89 17.9 ll.4-3l.l 15.6 4-36 .07 (.05- .10 
.4 66 .0 66 86 .0 86 9.5 9·5 7.0 7 .o4 (.05- .10 
.1- .5 15.4 10-20 53.8 34-78 12.2 6.2-20.0 10.3 2-22 .11 (.05- .25 
.1- ·7 12.5 5-24 64.9 22-193 18.4 l. 7-67. 6 52.3 5-270 .17 (.05- .35 
0- .6 8.5 6-12 51.4 24-86 18.6 0-46.8 23.9 0-168 .16 (.05- .30 
.1- .2 13.9 9-20 35.6 25-59 14.7 5.8-25.3 16.1 6-42 .16 (.05- .20 
.1- ;1 16.7 13-20 28.1 17-40 18.2 14.0-21.8 7.6 3-19 .17 .10- .25 
.1- .1 22.4 15-39 56.2 32-107 26.0 13.9-41.7 18.2 4-34 .24 .15- .40 
.1- .4 5.6 3-10 30.2 8-54 2.4 0- 5.9 1.4 o-4 .11 (.05- .20 
.2- .3 7.5 6-9 22.0 20-24 3.5 1.6- 5.3 2.0 2-2 .o4 (.05- .10 
.1- .5 9.1 7-12 57-3 40-94 18.1 6.5-37.2 4.4 0-10 .11 (.05- .20 
.2- .4 5.4 4-6 53.2 26-83 11.0 7.6-14.5 9.0 2-19 .14 .05- .20 
.1- .6 4.0 3-6 43.6 25-73 18.5 10.4-24.5 10.4 4-26 .11 .05- .15 
.1-1.4 12.9 4-24 39.0 9-128 19.1 2.6-29.0 16.7 2-45 .18 (.05- -55 
.1- .1 J.7.4 8-37 82.1 27-154 17.4 2.6-51.2 101.5 2-330 .cil (.05- .25 
.1- .1 6.9 5-8 43.5 34-51 11.9 6.0-17.4 7.2 3-14 .10 (.05- .15 
-
Fe 
Ave Range 
.01 0- .31 
---- ------
---- ------
.02 0- .10 
---- ------
---- ------
---- ------
---- ------
.16 0-1.15 
1.49 0-6.70 
·09 0- .58 
.03 0- .16 
.01 0- .14 
---- ------
. 02 0- .13 
.01 0- .23 
.05 0- .45 
.36 0-1.80 
.02 0- .30 
1.69 o-6.70 
.01 0- .0~ 
.03 0- .3 
.o8 0- . 92 
1.57 0-3.14 
.18 0- .85 
· 09 0- .73 
.18 0- .88 
. 02 0- . 35 
. 07 0- .53 
---- ------
.07 0- .36 
---- ------
---- ------
---- ------
---- ------
. 07 .07 
. 01 0- .07 
.07 0-l. 55 
. 003 0- .17 
·09 0- .35 
---- ------
---- ------
---- ------
. 03 0- .05 
.ll 0-1.20 
.01 0- .05 
.02 0- .o8 
.10 0- .60 
.01 0- .17 
--.-- ------
Ave 
2.6 
3 .0 
----
9.6 
----
1.2 
5·3 
0.3 
26 .6 
4.8 
5.1 
0.2 
5.9 
3.0 
9.6 
9.1 
3.0 
2.0 
5.9 
36.6 
33 .2 
19.0 
33.8 
51.0 
13.7 
0.7 
15.9 
14.9 
9.4 
7.5 
18 .3 
12.4 
11.3 
0.6 
13.5 
2.0 
1.7 
12.9 
10.6 
13.3 
8.0 
~0.9 
1.3 
----6.3 
38.3 
51.4 
13.6 
24.2 
10. 9 
1 
+ ~ 
Sl 
!Range 
0-15 
1-9 
I 
I 
I 
I 
6-14 
1-2 
0-31 
0-l 
ll-46 
l-13 
1-10 
0-l 
2-9 
2-4 
1-25 
1-29 
l-8 
0-4 
3-15 
14-82 
5-144 
l-43 
8-66 
2-100 
2-73 
0-7 
0-47 
0-37 
4-18 
1-14 
1-51 
4-42 
1-30 
0-1 
1-51 
2 
1-4 
1-58 
0-33 
3-37 
4-13 
1-53 
0-5 
3-9 
5-124 
18-143 
1-55 
0-91 
3-19 
N 
N 
N 
County Ave Ranri 
Knox 5-5 0.1-17.6 
Lancaster 2.3 0- 6.2 
Lincoln 1. 9 0- 4.8 
Logan 1.7 1.0- 4:5 
Loup 0.8 0 .2- 1.4 
Me Pherson 1.8 1.8* 
Madi son 1.7 0.1- 7.4 
Merrick 7-7 0-~4.8 
Morrill 1.8 0.4- 2.9 
Nance 3-9 0.6-13 .6 
Nuckolls 1.3 0- 5. 1 
Perkins 1.9 1.6- 2.4 
Phelps 3-9 0.1-11. 2 
Pierce 4.5 0.1- 9.8 
Platte 2.9 0.1-20.0 
Polk 2.8 0.6- 7-7 
Red Willow 2.7 0- 5-9 
Saline 0.8 0.2- 1. 9 
Sarpy 1.1 0.1- 2.1 
Saunders 2.3 0- 4.6 
Scotts 
Bluff 2.1 0.1- 6 .1 
Seward 3-5 0-11!.6 
Sheridan 0.9 0.1- 1.6 
Sherman 0.7 0.3 - 1.1 
Sioux 7.8 2.9-llf.5 
Stanton 3-3 0.1-14.1 
Thayer 1.8 0.4- 4.8 
Thomas 1. 5 0.6- 2.6 
Thurston 0.6 0- 2.2 
Valley 1.8 0- 8.0 
Washington 0.1 0.1* 
Wayne 1.6 0,1- 4.2 
Webster 1.8 0- 3.8 
Wheeler 0.3 0- 0.6 
York 1.7 0.1- 5.6 
< means '' less lh an .. 
• only sample obtained for analysis 
p K 
Ave Ra~e Ave Range Ave 
.16 .1- .3 6.6 6-8 lf3 .8 
. 32 0- .8 7.0 5-15 39 .6 
.16 .1- .6 19.1 6-31 41.7 
.23 .1- .4 6. 5 6-7 33 -3 
. 30 .2- .4 19.6 6-51 42 . 2 
. 20 .2 6 .0 6 26 .0 
.26 .1- .4 8 .1 5-12 33 -7 
.19 0- .5 11.2 5-31 31.5 
.10 .1- .1 12.9 7-21 42.3 
.21 .1- -5 ll.4 4-22 33 -7 
.58 .1-4.7 13.5 5-55 45.1 
.10 .1- .1 16.8 12-19 34 .0 
. 17 0- .6 15-5 8-26 53 .6 
.14 .1- .2 6.5 5-11 36 .0 
.18 .1- .4 6 .9 3-10 46.8 
.22 .1- .6 10.2 7-17 46.6 
.14 .1- .2 24. 0 17-32 47 .8 
. 27 .1- .8 6 .2 5-7 49.1 
.10 .1- .1 5.8 5-8 31.3 
.18 .1- .5 11.1 7-15 50.6 
.10 .1- .1 18 .6 8-29 56 .1 
.25 .1- .6 8.6 6-16 1f4.7 
.10 .1- .1 10.7 7-18 37 .6 
.10 .1- .1 10.0 6-14 28 .3 
.10 .1- .1 8 .4 7-10 58.2 
1.14 .1-6. 9 11.1 7-16 56 .3 
-37 .1- -7 7-3 5-10 43.0 
.25 .1- -5 6.5 6-8 .22.3 
.08 0- .1 7-3 6-9 1f6 .o 
.16 .1- .4 15.2 10-27 44 .9 
.20 . 2 27.0 27 ----
.10 .1- .1 10.0 9-11 38.0 
.18 0- -3 10.7 6-24 55.6 
.32 . 2- .5 7.2 4-11 36 .4 
-35 0- .8 11.3 6-14 33 .6 
Appendix Table I. (continued) 
Ca Mg s B Fe Cl 
Ranrre Ave Ran((e Ave Range Ave Ran~ Ave Range Ave Range 
21-64 14.0 6 . 5-22 .7 ll.8 - 7-19 .ll .05- .15 . 02 0- .08 0.4 0-1 
16-69 13.2 7.6 -18 . 5 18 .0 4-35 .17 .10- .30 . 22 0- -97 20.4 4-57 
22-ll5 16.4 0-33 .4 34 .3 0-175 .16 (.05- .30 .o4 0- .87 20 .4 4-51J 
2lf -47 6 .9 1f.6- 9.4 1.5 1-2 .11 (.05- .15 ---- ------ 3.0 2-5 
17·70 14.7 6. 5-28 .1 2 .0 1-5 .13 . 05- .20 ---- ------ ---- -----
26 4.4 1, .4 1.0 1 .ll (. 05 - .15 
---- ------
2;0 2 
27- 53 20 .3 10.2-34 .9 9.4 2-27 .13 (.05- .20 -75 0-2.30 6. ;l 0-13 
20-91 17 .6 0-72 .0 21.3 0-75 .13 (. 05- . 90 . 01 0- .10 j . .,~ ~ 0-29 
32 -66 14.5 5-3-25 .2 26 .1 2-70 .10 (.05- .25 . 02 0- . 08 13. 8 1-27 
19-65 13.2 3 .1f-22 . 7 9.0 1-19 .05 (.05- .10 . 02 0- .19 3.8 1-9 
23 -55 10.6 lf.3-16. 7 17.4 4-42 . 08 (.05- .15 . 08 0- -53 13.4 5-42 
29-38 13.6 ~ll.4-14. 9 3.6 2-4 ·09 (. 05 - .15 ---- ------ 14.2 l0-21f 
28-90 18.3 8. 2-31.9 32 .2 0-85 · 09 (. 05- . 20 ---- ------ 16.3 2-32 
22-57 14.4 9-5-20 .4 8 .0 2-34 .o8 (. 05 - .10 ---- ------ 8.8 7-ll 
21-87 10.3 0-16 .1 10.4 1-60 .11 <. 05 - .25 . 02 0- .24 4.4 1-22 
22-88 11.8 0. 4-32 .8 18 .5 4-85 .ll (.05- .45 ---- ------ 9-4 3-38 
20-68 23 . 0 116.4 -29.2 30.9 6-57 .14 . 05- . 25 ---- ------ 22 . 3 ll-41 
25-71 12.6 3.0-21.7 15.3 7-31 . 05 (. 05- .05 . 01 0- . o8 22 .8 15-81 
21-44 15.7 p.o.3 -20.4 11.0 7.:.16 .o4 (. 05- .05 .44 0-1. 75 0. 5 0-1 
22-98 14.6 7.6-20.5 20 .7 4-80 .13 .05- .20 .11 0- . 58 8.0 4-17 
40-70 19.5 11 2.0-34 .4 62.5 47-ll5 .22 .10- .30 . 01 0- .05 33 -7 ll-69 
19-79 12 . 5 3.6-22 .7 13.2 4-38 .11 (. 05 - .20 .o4 0- .19 20.6 17-38 
29-50 7-5 5.8- 9-2 5-3 3-10 .10 . 05- .15 ---- ------ 5-5 l-10 
25 -34 8.5 6 .0-12.1 3.6 2-5 . 07 . 05- .15 . 01 0- .05 3.6 l-7 
38 -87 9.1 6. 0-12.8 15.0 3-33 .aS (. 05- .10 ---- ------ 9. 0 2-19 
32 -90 21.7 7.8-42.4 48.7 4-165 -09 (. 05- .30 .49 0-2.87 9.6 7-15 
29-69 7-5 4. 2-15.6 4.5 2-12 . 05 (. 05 - .10 ---- ------ 11.7 2-24 
15-32 1.8 1.2- 2.4 2.3 1-4 .o4 (. 05- .10 ---- ------ 0.5 0-2 
32-67 25 .9 bo.o-28.9 19.5 10-34 .13 . 05 - .20 . 02 0- .05 8 . 5 4-12 
26-69 12 .2 6.7-18 .7 12 .0 4-28 .19 (. 05- .60 . 03 0- .ll 6. 7 2-20 
-----
----
---------
55 .0 55 ----
---------
. 33 
-33 27 .0 27 
29-43 25 .2 ~2 .3-26 . 8 24 .0 5,..45 . o6 (. 05- .10 ---- ------ 8.7 7-10 
35-102 10.6 1.4-23.0 26.0 5-103 .10 (. 05 - .15 .02 0- .14 8 .1 0-24 
24-60 3-3 1.2- 5-5 0.6 0;2 .o6 (. 05 - .10 ---- ------ ---- -----
10-78 22 .8 1.3-54.0 11.3 0-25 -09 <.05- .25 .02 0- .19 9.4 2-19 
"TarAL DISSOLVED SOUDS IN PARTS PER MILLION 
AND COODUCTl'liTY. IN MILLIMI!a>. 
ppm mmhos ~ ppm mmhos ~ 0-170 0-0.2 ' 400-540 0.6-0.8 
~ 170-280 0.2-0,4 illJII]] 540-700 0.8-1.0 
~ ' 280-400 0.4-0.6 D over 700 over 1. 0 
* Based on specific conductance meosuremenrs 
Contributing Agencies : 
• University of Nebraska College of Agriculture 
o Conservation and Survey Division 
+Quality Water Branch, U. S. GtoloQ icol Survey 
X Deportment of Health, Division of Laboratories 
Prepared by E. C Reed, Di rector, Conservot•on and Survey Di vis ion, 
University of Nebraska, February 1962 
Appendix Figure I. Ground 
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quality map of Nebraska. 
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Appendix Table 2. Concentration of nitrate-nitrogen in water from irrigation and domestic wells (by county).' 
County I Well location• I july, 1961 june, 1962 I August, 1962 Cou nty I Well loca tion" I' .July, 1961 june, 1962 I August, 1962 
ppm ppm ppm 
Dawes a 20.0 0.9 c 1.0 
b 0.0 f 16.4 
c 8.4 Merrick a 14.6 I 0.4 10.0 
f 4.8 b 8 .4 
Dodge a 14.6 10.0 0.4 c 8.4 
b 0.6 d 9 .6 
c 2 .3 e 8.4 
d 11.0 f 10.0 
c 9 .!i Merrick a 14.6 
f 7.7 Merrick a 14.6 IO.R 12.8 
fillmore a 11.2 12.R 9.6 h 12.8 
h 0.6 c 9.6 
c 15 .2 f 12.8 
d 4.0 Merrick a 20.0 16.0 16.4 
c 0.2 b 13 .6 
Fillmore a 12.1 12.0 9.1i r 26.0 
h 0.2 d 11.6 
c 0.4 e 6.2 
d 10 .4 f 13.6 
c 3.3 i\lerrick a 20.0 15.6 13.6 
f 
-1.5 h 10.0 
fillmore a 13.fi 13 .2 3.2 c 8 .R 
h 12.4 d 6.6 
c 0 .0 e 26 .0 
e 0.2 i\1 e rri ck a 24.R 1R.O 19.6 
f 76.0 h 26.0 
Holt 17.6 15.2 c 16.4 
h 2.4 d 19.6 
f !l5 (' 0 .2 
Knox 17.6 14.0 f 19.6 
1\1 e rrirk a 10.-1 R.O Merrick a 24.H 2.7 2.8 
h 3.3 h 1.9 
c R.4 c 1.8 
d 8.8 d 2.4 
e 10.0 e 2.4 
i\lerr ick a I 0.4 9 .6 f 0.2 
b 10.0 Nan ce a 13 .6 10.0 
c 8 .8 h 14.0 
d 9.6 c 11.0 
e 13.2 d 27.6 
f R.8 e 14.0 
i\1 errick a 12.R 4.4 8.0 f 12.4 
b 3.3 Phelps a 10.4 
c 8.4 Phe lps a 11.2 0.5 
d R.R Platte a 20.0 15 .2 16.0 
e 11.6 h 10.4 
f 2.4 c 16.8 
Merrick a 12.H 16.8 13 .6 d 26.0 
b 7.7 c 30.0 
c 13 .6 f 18.4 
d 6.2 Seward a 14.6 12.8 
e 13 .6 h 14.6 5.2 4.7 
f 7.4 Sioux a 12.6 2.2 
Merrick a 14.6 12.-1 13.6 h 0.2 
h 12.8 f 2 .2 
c 13 .6 Sio ux a 14 .5 
d 11.6 Stanton a 14.1 12.0 10.0 
e 11 .6 b 0 .0 
f 16.4 f o,o 
Merrick a 14.6 14.4 12 .R 
h 5 .8 II. Data are not included in thts table for water samples from wells that had Jess th an 10.0 ppm on the july, 1961 , sampling date. 
c 11.6 b a-refers to an irri gation well water sample with high nitrate 
d 0.0 concentra tion july, 1961. 
e 12.8 
} '"'" > <o ; """; oo " " ' '"'ro" "" "' '"" .. • .. 
f 16.4 b 
Merrick a 14 .6 10.0 9.6 c 
h 6.8 d 
c 8.0 
d 11.6 f-refcrs 10 domestic well near well "a'' 
....,._ .. _. 
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